Allergic bronchopulmonary aspergillosis (ABPA) is an immunologic condition that results from an allergic immune response to Aspergillus fumigatus, most often occurring in a patient with bronchial asthma or cystic fibrosis. ABPA is diagnosed by constellation of clinical, laboratory, and radiographic criteria. In the absence of typical presentation, ABPA can be misdiagnosed. Our patient presented with a 3 cm right lower lobe lung mass and sub-centimeter right upper lobe lung nodules. The clinical features led to a presumptive diagnosis of lung carcinoma. The patient underwent preoperative bronchial washing and endobronchial biopsy. The washing sample showed large amount of thick mucus containing abundant eosinophils, Charcoat-Leyden crystals, and degenerated cellular debris consistent with "allergic mucin". These findings were initially overlooked and considered non-specific. Repeat sampling (needle biopsy) showed marked reactive pneumocyte hyperplasia in the background of inflammation, which was misdiagnosed as adenocarcinoma with lepidic growth pattern. The correct diagnosis was made only after the surgical resection of the lesion. Diagnosis of ABPA can be missed due to general unfamiliarity with this entity and its clinical presentation similar to the lung tumor. Accurate diagnosis can be derived from the bronchial washing if the features of "allergic mucin" are recognized and confirmed with microbiological examination.
Introduction
ABPA is an allergic pulmonary disorder usually caused by hypersensitivity to Aspergillus fumigatus (A fumigatus) that manifests with combination of clinical, laboratory, and radiographic findings including chronic asthma, recurrent pulmonary infiltrates, bronchiectasis, serum eosinophilia, an elevated total IgE level, and sensitization to A fumigatus by skin testing [1] [2] [3] . Occasionally, patients can develop a syndrome similar to ABPA caused by fungi other than A fumigatus and is called allergic bronchopulmonary mycosis [4] . The clinical and radiological features of ABPA are extensively reported in the literature. To our knowledge, the cytological findings associated with ABPA, particularly in the context of specimen obtained from bronchial washing, has not been reported. Here, we report a case of ABPA with unusual clinical and radiological features that was misdiagnosed as lung carcinoma during preoperative workup.
Case Report
A 76-year-old male in general good health complained of progressive cough over the past year, which at times brought up large brown specks. He did not carry the diagnosis of bronchial asthma or cystic fibrosis. He was treated with courses of antibiotics that offered temporary relief. In the meantime, patient also developed abdominal pain and rectal bleeding for which he underwent computed tomography (CT) scan abdomen that showed right lower lobe (RLL) mass. Further workup with CT chest confirmed a 3.6 × 2.3 × 2.2 cm lobulated RLL mass and a 6 mm right upper lobe nodule. He underwent a bronchoscopy with bronchial washing and transbronchial biopsy of the lesion. Biopsy showed non-specific changes including reactive pneumocyte hyperplasia associated with chronic inflammation including rare interstitial eosinophils. Patient was then referred to our institution for further clinical work up and management. Repeat CT scan after a month showed a stable dominant 3 × 2 cm RLL mass with enlarging satellite nodules ( Figure 1 ). Also noted were stable subcentimeter nodules in both lungs. A PET scan showed uptake in the RLL mass and a right hilar lymph node. Subsequently, patient underwent a percutaneous biopsy of the lower lobe mass that showed reactive pneumocyte hyperplasia with atypia in a background of acute and chronic inflammation. These reactive pneumocytes were mistaken for adenocarcinoma with lepidic growth pattern. The patient eventually underwent a video assisted right upper lobe wedge resection, right lower lobectomy as well as mediastinoscopy with lymph node sampling. Right upper lobe wedge contained two firm, ill-defined nodules, each measuring 0.5 cm in greatest dimension. Microscopic examination of the nodules showed poorly-formed non-necrotizing granulomas in the background of organizing pneumonia. Similarly, a 4.5 × 3.4 × 2 cm, firm tan mass with a focally friable cut surface was identified on the right lower lobectomy. The bronchi and bronchioles appeared dilated with soft, tan mucoid material in the lumen. Microscopic examination of the sections taken from the mass showed markedly dilated proximal airways with lumens obliterated by thick mucous plugs and destruction of airway wall with marked chronic inflammation. These mucus plugs were composed of abundant intact and degenerated eosinophils, Charcot-Leyden crystals, degenerated respiratory cells and fungal hyphae. The fungal hyphae were identified with Hematoxylin and Eosin (H&E) staining as well as Gomori methenamine silver (GMS) staining. The surrounding lung parenchyma showed variable histologic changes including intraalveolar fibrin deposits, interstitial and intra-alveolar eosinophils, chronic inflammatory cells, and multifocal, myxoid fibrous tissue obliterating the alveolar spaces. These findings were consistent with acute eosinophilic pneumonia with focal organization (Figure 2 ). One of the peribronchial lymph nodes also showed a focus of hyalinized granuloma. The constellation of findings is consistent with ABPA. Once the diagnosis was established, the tissue block of the previous bronchial washing was obtained from the outside institution and rereviewed. Microscopic examination of the H&E stained section showed abundant eosinophils, Charcot-Leyden crystals and degenerated respiratory cells admixed with mucin. The cytomorphology of this specimen was identical to the "allergic mucin" present in the lumen of the dilated proximal airways in the lower lobe lobectomy specimen. While fungal elements were not readily identified on H&E stain, GMS stain highlighted few fragmented fungal hyphae ( Figure 3 ). Since undergoing lung resection, the patient's cough significantly improved and he is doing well. 
Discussion
This patient presented with signs, symptoms and radiologic findings highly suggestive of lung carcinoma. Except for a short period of progressive cough, the patient did not have any other history of chronic lung diseases including bronchial asthma or cystic fibrosis. When referred for bronchoscopic examination, the usual findings of ABPA such as central bronchiectasis, thick mucus plug and inflamed airway wall were not identified. The findings on transbronchial biopsy were non-specific but important cytomorphologic features present in the bronchial washing were not overlooked.
ABPA may have no typical radiologic manifestations, but usually several abnormalities are present. Central bronchiectasis, which is considered a specific finding, may be obvious, subtle, or absent. Other findings may include hyperinflation, varying infiltrates or areas of consolidation, nodules, and manifestations of bronchiectasis, including linear opacities, ring opacities, and gloved-finger opacities representing mucoid impaction [3, 5] . In this patient, CT chest demonstrated dominant 3 cm mass. However, other features such as central bronchiectasis and bronchial wall thickening, which characteristically accompanies ABPA [6] , were not noticed.
Typically, patients with ABPA have history of bronchial asthma or cystic fibrosis [3] . The susceptibility of some individuals, particularly cystic fibrosis and asthmatic patients to develop ABPA is not fully understood. Some reports suggest that exposure to large concentrations of spores of A fumigatus may cause ABPA [7, 8] .
However, environmental factors are not considered to be the main pathogenic factors because not all asthmatics develop ABPA despite being exposed to the same environment. In a genetically predisposed individual [9,10], inhaled conidia of A fumigatus persist and germinate into hyphae with release of antigens that compromise the mucociliary clearance, stimulate and breach the airway epithelial barrier, and activate the innate immunity of the lung [11, 12] .
The pathology of ABPA varies from patient to patient, and in different areas of the lung in the same patient. Histologic examination reveals mostly an airway centered disease process characterized by dilated airways filled with mucus containing large number of inflammatory cells, predominantly eosinophils, and Charcot-Leyden crystals. Fungal hyphae can often be demonstrated in the bronchiectatic cavities. The bronchial wall in ABPA is usually infiltrated by mixed inflammatory cells, primarily eosinophils. The peribronchial parenchyma shows an inflammatory response with conspicuous eosinophilia and intraalveolar fibrin, a pattern similar to that of eosinophilic pneumonia. Long standing cases may show features of organizing pneumonia [13] . Bronchocentric granulomatosis, the presence of noncaseating granulomas containing palisaded histiocytes and multinucleated giant cells centered on the airway, are also seen [14] . A majority of the typical histological findings were identified in the resection specimen of this patient. More importantly, bronchial washing demonstrated large amount of mucin, exfoliated respiratory cells, and inflammatory cells including significant number of eosinophils and Charcot-Leyden crystals. This is similar to the allergic mucin described in fungal sinusitis, a condition occasionally associated with ABPA.
Conclusion: ABPA is a relatively rare entity that creates a diagnostic difficulty in the absence of typical clinical and radiological presentation. In some cases chest CT scan may indicate a diagnosis of lung cancer, and biopsy may show pneumocyte atypia, acute and chronic inflammation but not frankly malignant cells. In these circumstances simulating a lung tumor the physicians should consider ABPA, and cytological findings of numerous eosinophils in the bronchial washing could prompt further microbiological tests to improve the differential diagnosis and avoid unnecessary surgery.
